
treatment. consttuents that may tend to imit heapplcation rate or hnder the 
qualt of renovated water may aso necessi¬tate High concentrations of grt, 
suspended solids and greaseand ol can deteriorate the efectiveness and 

dependabilty of the pumpingand distribution systes, thus requring some degree 
of pretreatment prorto Storage Requrements In most land applcation 

systems, 
consideratons 

indetermining torage capacity incude the ocal cimate, the design perod 
ofoperaton, flow equalization, and system backup if breakdown occurs. 

Required 
storage capacites may range from one days storage to several 

months,Storage 
requirements will most often be based on the perod of operation andthe 

local climate. Three dfferent conditions that may necesstate storageinclude: 
I) winter weather requiring cessaton of operaton; 2) precipta¬tion requirng 

the temporary reducton or cessaton of application; or3) winter weather 
requrng reducton of winter applicaton rates. Whencessation of operation 

is expected, storage requrements should be based onthe mamum expected 
period of The number of consecutive non-applcaton days due to cmatc 

constraints (I.e. precpation, tempera¬ture and snow) may be determned through 
the use of a computer program de¬veoped by the Natonal Weather Servce (5 

Fgure 
11 presents a naton¬wide estimation of storage days as calculated from 

this computer program. Factors - Desgn assumptons must be evaluated wth 
regard to cl¬matc factors. Climatic conditons mot often considered are 

preciptation,temperature and wnd.Precptation, such as ranfall, snow and hal, 
will affect a number of de¬sgn factors, such as: I) hydraulc loadng rate; 2) 

storage 
requirements,and 

3) system dranage requirements. Preciptaton data that wll benecessary 
for desgn purposes Include: total annual precipitaton; maxmumand minimum 

annual precptaton; monthly distrbution of precptaton;storm ntenstes; 
and characterstcs.Temperature, becaue of ts influence on plant growth and 

freezng con¬dtons, will affect lqud loading rates and the perod of 
operaton.Temperature data that may be incorporated 

Into 
system desgn include: month¬l or seasonal averages and varatons; ength 
of growing season; andperods of freezing condtons.For spray applicaton 
systems, wind condtions may requre a reducton ortemporary cessaton of 

waste 
applcaton In order to prevent dseasetransmssion. Wind velocity and 

direction should be determned 

wth respectto frequencies and durations.Another factor that should be 
consdered Is the potentaamount of ration for the area. Fgure presents 

a natonwdecomparison of potential evapotransplraton rates versus the mean 
annual pre¬cptaton, The 

effect 
of the if the yearly s greaer than the mean annual precptaton Is 

that t wllreduce the lqud volume of waste to the appled on the and.09 







Loadng Constrants Loadng rate for the liqud applied andthe consttuents 
of the waste wll form the bass in determiningdesign criteria for land 

requirements, 
appcation rates, and crop selection.To determne what characteristcs 

of the applied waste will be lmiting,balances should be conducted for 
water, nitrogen, phosphorus, organic matter,and other constituents that appear 

hgh n concentraton. On the bass ofthese balances, a loadng rate can be 
establshed for each parameter whchthen can be used In calculating the requred 

land area. The crtcal load¬ing rate wll be the one requrng the largest 
feld area.The hydraulc loadng rate can be determned by 

conducting 
a water balanceon the effuent appled, precptaton, evapotransplraton, 

percolaton, and In other words the amount of effluent applied plus 
precpitationshould equal the raton plus a imited amount of percolation.In all 

cases 
except overland flow, surface runoff from irrgated fieldsshould not 

be 
permtted. The water balance can be expressed as:Precptation raton 
Percolaton Runoff]Effluent Seasonal varatons shoud be 

taken 

nto account when encountering thesevalues. Ths can be done by means 
of 

evaluating 

the water balance for eachmonth as well as the annual balance.Ntrogen 
loadngs must be balanced aganst acceptable ntrogen losses andremovals 

because 
nitrate Ions are mobile In the 

sol and can affect ground-water qualty. On an annual bass, the applied 
nitrogen must be accountedfor in crop uptake, voatlation, or storage Inthe 

sol. ntrogen mass balance equation for a terrestral system can bedeveloped 
as:Applied N n Leachng 3 In waste tat Ion Ths balance 

equaton can be used to calculate ntrogen loadng rates forwaste applcatons.For 
most land 

applcaton 
systems, the phosphorus oadng wll usually 

bewell below the capacty of the 
sol to fix and 

precipitate 

the phosphorus.Typcally, 95 percent of the phosphorus apped can be 
removed from the 

per¬colatng The removal mechansms for phosphorus are crop uptake, uptake, 
chemcal precptaton, and fxaton by the sol.The average dally organc loadng 

rate should be calculated from the hydrau¬lic loadng rate and the BOD 
concentration of the appled waste. Thomas (55)has estimated that organc loadng 

rates between to 28 kg/ha/day (0 to 25 are needed to mantan a statc 

organc-matter content In thesol. Additions of organic matter at these rates 
help to mantan the tlth2 



of the sol, repensh the carbon oxidied by microorgansms, and woud notbe 
expected 

to pose problems of soi clogging. Higher loadngs rates of 56to 12 
kg/ha/day (50 to 00 can be employed succesfully, de¬pending upon the tpe of 

system and the resting perod. Resting period,whch are standard wth most 
applcaton systems, give sol bactera tme tobreak down organc matter and allow 

the water to dran rom the top fewinches, thus restorng conditons.Loadng 
rates for suspended and dssolved solds 

are the two major types ofremainng constituents that are of Interet for 
land 

applcation systems.The organc and inorganc fractions of the suspended 
solids are usuay fil¬tered out and become Incorporated Into the ol, whch can 

reduce the Infil¬traton rate Into the soil. As result, preapp treatment 
for 

sus¬pended solds reducton may be necessary.Dssolved solds are affected 

dfferently In the sos depending on 
thermovement 

through the soil matrx. Chorides, nitrates, and move relavely 
easy 

through mos sols without beng tied up Inthe sol profile. These compounds 
can, therefore, be readly leached intothe Other dissolved solds such 

as 
sodium, potassium, calcium,and magnesium, are exchangeable and react 

with 
the oil so that their con¬centrations wil change wth depth. Other consttuents, 

such as heavy metas,pesticdes and other trace elements may or may not 
be removed by the soimatrx, dependng upon such factors as clay content, soi 
and sochemcal balance. On the basis of the analyses of waste charactersticsan 

constituent suspected of havng limiting loadng rate should 
be 

calculated. Table 37 gves recommended concentraton lmts for specfc 
ele¬ments based on applcation rates for land applcaton systems Ifthe lmitng 

critera Is met, there shoud be little concern about toxceffects on plants 

or excessve accumulaton In sos.Land Area Requrements - The total land area 
requred includes provsonsfor treatment; buffer ones; storage; stes for 

buldngs, roads and ditches;and land for emergences 
or 

future expanson. If an on-ste preappIcationtreatent Is reqred, prvisions 
must also be provded for land furnshingthese fad 1 ties.The feld area s that 
porton of the disposa site in which the waste Isapplied to the and. It s 

determned by calculatng acceptable loadngrates for each different loading 
parameter (lqud, 

nitrogen, 
phosphorus.organc, or others) and then selectng the largest area. 

The loadngparameter that corresponds to the largest feld area requrement 
would thenbe the crtical loadng parameter.Regulator agency requrements 

may specify buffer zones around appcationsites because of concern 
about the effects of aerosol-borne pathogens.Buffer zones rangng from 5 to 

61 
meters (50 to 200 ft) wde have 

been 
re¬ported 5)» although requrements for even larger buffer zones may 

existdepending on number of factors.Land applcaton systems wll generaly 
requre land for off-season or13 





wnter storage, especaly ? the northern states. Storage capactes mayalso 
be 

necessary to equalie flow rates or to provde backup servces.Crop 

Seection 
and anageent Crops grown at the land applcaton ste canhave a significant 
effect on treatment efficiencies and oding rates, especiay the remova 

of nutrents from the appied waste. Facors thatshould be considered n 
crop selection include: 1) relationship to criticaloading, 2) public health 

regulaions, 3) ease of cultivaton and harvesting,and ) the length of the 
growing 

seaon. Also, if the crop is to be har¬vested, the local market for 
the crop must be considered. The four generalclasses of crops that may be 

consdered are perennials, annuals, andscapevegetation, and forest 
vegetation.Compatbity 

of the loading rates 

with the elected crop is important toensure both the survval of the crop 

and the efficiency of reno¬vation. Loadng rates should have alowances wth 

respect to the tolerancesand uptake capacities of the intended crop. Therefore, 
crop selection willbe dependent on a combination of loading parameters, 

includng I) water re¬quirement and tolerance, 2) nutrient requirement, 
tolerance, and removalcapabiity, and 3) sensitivty to varous inorganic 

ions.As of 1972, at leat 17 states had public health 
regulaions 

that withregard to: the types of crops that may be irrigated wth 
wastewater; 

the de¬gree of preapp treament required for certain ype of crops; andthe 
methods of application that may be employed (56).System Components - 

Typcaly, land application systems are composed of 
anumber 

of dfferent system components, such as: cat ion treatmentfactes, 
transmssion faciltes, storage facilties, dstribution system,recovery system 

and monitoring system. The design of each component of aland application system 
s highly varable and is dependent on many factorsrelating to ste 

characterstcs and proect objectives.The desgn of preapp treatment facltes will 
be 

controled by fac¬tors such as the loadng rate of 
various 

consttuents, the method of appli¬caton employed and the type of crop grown. 
In most cases, regulation con¬cerning requred evels of preapp treatment 

have been set forth bylocal agences.Design of the transmssion facilties to 
the site from the collection areamay become a very Important aspect to 

consder 
If land 

applcaton 
s to becost-effectve. Selecton of a conveyance method usually depend 

on theproducton rate, distance to applcaton site, of applcationand 
planned 

lifetme of the ste. Three potental methods of wastewater con¬veyance 
Include gravty pping, open channels and force mains. For eachof these methods, 

standard design crteria should be used snce these trans¬msson facltes wll 
rarely dffer from that desgned for conventonaltreatment systems. n conveyng 

sludges, addtonal methods have includedtank truckng for lqud sludges and 
open bed trucking for sludges.In almost all cases, some sort of storage 
facilty be necessary. Ifstorage Is to be provided for winter flows and 

storage reqrements are hgh,5 



wnter storage, especally in the northern states. Storage capacites mayaso 
be necessary to equalize fow rates or to provde backup servces.Crop 

Selecton 
and anagement - Crops grown at the and applcation site canhave a 

signfcant 
effect on treatment effcences and oadng rates, es¬pecay the removal 

of nutrients from the apped waste. Factors thatshould be consdered in 

crop selection Include: 1) relationshp to crticalloadng 2) publc health 
rgulatons 

3) ease of cultvaton and harvestng,and 4) the length of the growing 
season. Also, if the crop Is to be har¬vested, the local market for the 

crop 
must be considered. The four generalclasses of crops that may be considered 

are perennals, annuals, landscapevegetation, and forest vegetaton.Compatiblty 
of the loadng rates with 

the seected crop Is important toensure both the survval of the crop and 
the efficency of ren¬vaton. Loading rates should have allowances with respect 

to the tolerancesand uptake capacties of the intended crops. Therefore, 
crop selecton willbe dependent on a combnaton of loading parameters, including 

1) water re¬qurement and tolerance, 2) nutrent requrement, tolerance, 
and removacapabiity, and 3) senstivty to varous inorganc ions.As of 972, 

at east 7 states had pubc health regulatons that exist 

wthregard 
to: the types of crops that may be Irrigated with wastewater; the 

de¬gree of preappIcaton treatment requred for certan types of crops; andthe 
methods of applcaton that may be employed (56).System Components - Typically, 

land applcaton systems are composed of anumber of 

different system components, such as: treatmentfactes, transmsson faciltes, 
storage factes, dstrbuton system,recovery system and montorin system. 

The desgn of each component of aland applcaton syste s hghly varable and s 
dependent on many factorsrelatng to site characterstc and project 

objectves.The desgn of preappIcaton treatment facilites wll be controlled by 
fac¬tors 

such as the loadng rate of various consttuents, the 

method of appi¬caton empoyed, and the type of crop grown. In most cases, 
regulatons con¬cernng requred levels of preappIcaton treatment have been set 

forth bylocal agences.Design or the transmsson facites to the ste from the 
collection areamay become a very important aspect to consder if land 

applicaton 
Is to 

becost-effctve. 
Selection of a conveyance method wll usually depend on 

theproduction 
rate, dstance to applcaton ste, 1 of applcaton,and panned lfetime of 

the ste. Three potenta methods of wastewater con¬veyance Include gravty 
pping, open channes and force main. For eachof these ethods standard desgn 

crtera 
shoud be used snce these trans¬msson facltes wll rarely dffer from that 

desgned for conventonaltreatment systems. n conveyng sludges, addtonal 
methods have Includedtank truckng for lqud sludges and open bed truckng for 

sludges.n almost all cases, some sort of storage faclty will be necessary. 
Ifstorage s to be provded for wnter flows and storage requrements are 

hgh,115 



TABLE 38. IMPORTANT MONTORING SEGMENTS 
OFLAND APPLICATION PROCESS 

(59)1. 

Infuent Quaty (Treatment Quaity)a. 
Nutrent 

leves P, Sodium 
absorption ratio Heavy meta 
concentraton, 

havin potentia toplant and anima ife N, Other 
physcal and chemica determinatons BOD, COD, 

Pathogens, vruses, salmonela and protozoaI. Soil Condtion and Quat 

(Preservation of Sols Physical Chemical 

Characterstcs)a. 
Nutrent profle - N, K dstrbutonb. Caton exchange 

capacityc Hazardous heavy 
metal 

dstributiond. Organic contente. So kind 

- physical- 1 rate- sie 
dstribution- so 1 horzons- prof Ie, 

pHIII. Draned or 
Water Quality and Groundwater 

(Preventon 
ofContamination of 
Surface and 

Groundwater)1. 
Groundwatera. 

Nutrients (NO NO P)b. Heavy metalsc. Pestcides, herbicdes, etc.d. 
Mcrobioogica- fecal col form- fecal - 

salmonella- 
vrusese. 

Other physcal, 
chemcal 

determinations- 
pH, specifc conductivity, 

detergents2. Receivng 
Surface Watersa. 

Nutrentsb. 
Heavy metalsc. 

Mcrobiologica- 
fecal d. Other physcal and chemical 

determinatons3. Crop Quaty and eld 

(Safe for Anmal/Human 
Consumpton)a 

Heavy 
metals contentb. 

Nutrent contentc. 
Pathogens7 



gradent quaty, as well as infuent to the system, should bemontored for the 
parameters commonly measured to ensure environmental quality and any addtona 

parameters that are of concern to the land applicationsystem, such as heavy 
metals. In the case of overland flow applicaton, theeffluent discharging 

from the site will have to be monitored for the parame¬ters required by state 
and federal discharge requirements.In addtion to quality, 

changes in groundwater levels should also be moni¬tored. The effect of 
increased levels should be assessed with respect tochanges in the condtions 

of the area. Changes in the ground-water movement and the appearance of 

seeps and perched water tables shouldbe noted and system modifications, 
such as or reducing appli¬cation rates In the area should be undertaken 6)When 

vegetation Is grown as a part of the treatment 

system, montorng maybe required for the purpose of optmzng growth and yeld 
and preventngbuildup of toxic materas. Measurements should Include: heavy 

metal con¬tent; nutrent content; and pathogens.Cos - In selecting the 
best treatment aternative,a 

cost-effectiveness 

analyss should be properly performed. To conduct suchan analysis, 
detailed cost estimates must be prepared and evaluated foreach alternative 
on 

an equvalent basis in terms of total present worth orannual cost. 
Generally, cost estmates for an alternatve would includecosts for operation, 

mantenance and supervision and the amortzed capitalcost. Capital and 
operatng cost consderatons of mportance for landapplicaton systems have been 

docmented In current reports entted "Costsof Wastewater Treatment by 
Land Applcaton" (8) and Water PollutionAbatement Technology: Capabilties and 

Cost" LAND APPLICATON OF RAW An alternatve to the treatment of CSO 
and the resultant problems of sludgehandlng and 

dspoal 
is direct applcaton 

of 
the raw CSO to the land.Ths method woud eliminate the need for extensive 

CSO treatment facilitesand the further problem of sludge handling and 
disposal facltes.The waste management alternative of applying raw CSO to the 

and wil bediscussed with respect to many of the design factors 

presented 
in the pre¬vious section. TreatmentIf the land is used for treatment 

and dsposal of raw CSO, It Is apparentthat some form of treatment wll 
be required. 

Frst, sincehgh densties 

of have been reported for CSO (9), dsnfecton wllmost likely be required 
as a preapp treatment process. Second,snce are intermttent events, storage 

will have to be provded toequaze the flow to the land ste and thus, some 
type of stabilzation toprevent nusance condtions from developing wll 

be required. If spray18 



rrigaton is employed, grit, oil and grease removal combined with a 
re¬ducton 

In suspended solids may be necessary to prevent potential cloggngof 
the distrbution system. Since the raw flow will be held in a storagefaclty, 

grit and organic solds coud be removed there and some provisionwould have 
to be made for disinfection prior to land application.Colecton 

and Transportaton of Raw A very Important 

aspect to consder f land dsposal of raw CSO is to beused, is how the CSO 
wil be colected and transported to the land dsposalsite. The cost of such 

a colection and transportation system coud be morethan the land dsposal 
facity tself. In most cities a collecton systemwll be necessary to Intercept 

all CSO dscharge ponts and delver thefows to a transport system. The 
collection system must function year roundand must be sized to carry peak 

flows. 
The transport system would have toconvey the CSO ou of the urban and 

suburban areas to selected landste. The transport system normally 
would be a pipelne but under some cir¬cumstances, could be an open 

channel.Several 
problem will become apparent 

when 
Implementng plansfor transmission faciltes. First, combned sewers are 

usually located inthe oder, centra sections of metropoltan areas. Therefore, 
the colectionsystem ma requre sewer constructon in densely popuated 

commercial areas,which could prove to be very costly. Second, in order to convey 
the CSO outof the urban area to a selected treatment site, the transportaton 

dstancecould easly be 32 to 64 km (20 to 0 mles). These dstances may 
prove tobe impractcal because of the high costs for transportaton systems. 

Thrd,and probably most important, the transmsson facltes must be capable 
ofhandlng peak storm fows. To lustrate ths better, a typical cty In theGreat 

Lakes reion wh a combned sewer area of 972 ha (200 acres), wouldrequre 
transport 

ppelines in the order of 5.3 (7.5 ft) in diameter toprovde for peak 
flow desgn rates based on one hour storm ntensites atone year return 

frequencies. If onger return perods or shortr time in¬tervals are used in order 
to acheve complete CSO abatement the sizes ofthe collection and transport 

systems would Increase signficantl. To avodthe desgn capactes needed for 
peak fow rates It would be necessary toprovde for equalizaton basns and 

teporary storage basins to maintain aconstant transportation program. The 
cost for these faciltes alone may beprohbitive.StorageDesign consderaions 
for storage facilites are usually based upon Incomingflow rates and the number 

of 
consecutve 

unfavorable applcaton days overthe year. The period s determined by the number 
of daysdurng whch the followng exist: temperature below freezng 0 (32 

tota daly ranfa greater than 1.3 cm (0.5 inches), and greater than 2.5cm 
(I Inch) of snow cover (5 For the Great Lakes and Northeastern regionsof 

the U.S., the average number of nonappcat I on days for whch storagewould 
normally be requred Is around 00 days (Fgure 0). However, in de¬termining 

the storage requrement, it Is necessary to conduct a monthly19 



water balance considerng intermittent fow rates, preciptation, evapo¬ration 
and soil percoation rates.Therefore, 

t appears that storage facilties will be required to handleCSO flows 
for periods up to four months. In addition to providing storagefacities, 
because of he arge amounts of solids that can be expected inraw CSO, 

precautons 
wl have to be taken to prevent nuisance problemsfrom occurrng. 

These precautons could be stabization and/or disinfectonof the CSO during 
storage 

and a mosquito control program. The storagearea could also support 
extensive algal growths whch could become a signifi¬cant problem. EffectsThe 
general 

cmate 
of the area can 

have 
sgnifcant effect on the operation of CSO land disposal site. As seen 

from the prevous dscussion,the winter season wll greatly reduce the tme 
that a land disposal operationcan be used. On the average, the operaton of 

a ste in the Great Lakesregion would have to be shut down for 3 /2 
months.The yearly precptaton over the rea will also 

affect 

the operation sncethe irrigation or overland flow methods of applcation 
can not be used durngperiods of rainfall because the hghly polluted CSO coud 
be carred awayfrom the site wth the surface Wet ground that results from 

theranfal events wl also reduce the capacity of the sol to assimlate 
the added loadings of the raw CSO. These factors will increasethe amount 

of land requred for the dsposal site. The days of operatonwere approximated 
as 205 days for an average year n the Great Lakes regonof the country. 
value was arrived at by subtracting 100 days for wntercondtions and 60 days 

for non-operative conditions due to perods of Another c1 factor that should 
be consdered is the potentaamount of raton for the area. The effect of 

the rates 
can 

be shown by using the Great Lakes region of the country asan example. 
From Figure 11, it Is estimated that the potential yearly s less than the 
mean annual precptation rate. The Impactof evapotransplration Is that t must 

be considered as part of the hydraulicloading. Therefore, It wll not 
sgnifcantly reduce the added precptatonthat wil necessitate disposal.It can 
be 

seen that for the Great Lakes and the Northeastern regons of theUSA, the 
preciptation and evapotransplraton rates can be signficant fac¬tors liquid 

volume of the waste to be 

handled.Pollutant 
Loadng ConstrantsSince CSO represents large quantites of urban 

runoff, It can contain largeconcentrations of heavy metals whch may be In 
excess of those that can beremoved by the soil. The leaching 

of these metals Into the 
receving 

watercould pose a serious health proble. This fact, and the fact that 
high120 



concentrations of some pollutants in may cause operational problems forthe 
land disposal ite, may lead to constraints on the loading rates allowedand 

thus, on the overall feasibility of land disposal of raw CSO. As thefirst 
consideration in design, the factors which may lmit land disposal ofwases 

and the risks involved with this practice will be estmated. Thiswill be 
acomplished by identifying the parameter that lmits loading rates.For 

preliminary 
calculation purposes, the following CSO values, based onaverage 

characteristics obtained from the literature, have bee assigned foruse in this 
section. The raw CSO volume is an arbitrary value to serve as abasis for 

desin calculations.Raw CSO 

volume: 

382 x 0 (365 x 0 Yearly CSO solids volume: 
552 metrc tons (609 tons-dry eight basis) Characteristics: 00 BOD 20 

16 mg/ 5 mg/1 000 SS mg/kg 

SSN1 200 
mg/kg SSToxc 

Elments 
- The 

most 
common concern 

wth land 
application 

of 

pollutantsIs 
the question of the effect of toxc eleens on the so-crop system. 

Inorder 
to protect the and from toc eements accumulaton from wase app¬cations, 

Wisconsin (60) has adopted guidelines, based on an Interim guderecommended 
by the which takes into account the combined effect of themetals by using 

a measurement entitled the zinc equvalent The can be as folows:ZE (1 
x [Zn (2 x [Cu x where all concentration values are expressed in 

mg/kg 
dry weight. The totaldry 

oids 
loading is calcuated from the formula 

(60)Total Solids ) acre ZETo determine area requirements, the followng 
assumptions were made:1) the cation exchange capacty 

(CEC) 
of the so 

s and 2)the life 
span for 

the sol is 20 years. As a resut, the area requrementsfor land of 
CSO would be about 1.9 0 (7.8 x 0 gal. CSO/yr).Organic Solids Application 

Rates - The organc assmilaton capacity ofsoils Is highly varable depending 
on detaed sol characterstics. Ingeneral, are continuously added 

to sols as plant residues, 

deadanimals, 
etc. and are contnuousy oxdzed by sol organsms. As organicaddtions 

Increase, soil respration also increases untl a maxmum rate of21 



oxidation is reached. Athough few gudes are avalable, regulations havebeen 
proposed to limit BOD and appcation rates to around 672.6 (600 f this 1 

used, the safe applcationarea for raw wates would be 0. x - ha/10 

(3.7 10 gal, CSO/yr) for BOD and 1.6 0 ha/0 CSO/yr (5.0 0 0 ga. 
CSO/yr) for SS.Nitrogen and Phosphorus Control - The ntrogen and phosphorus 

consttuentsn CSO are 
lkely 

to appear as maor imtng factors for landapplicaton desgns. Current knowledge 
ndcates that phosphorus removalto levels of 0.05 can be achieved 

over 
ste lfetmes of 20 years ormore at annual loading rates wthn the 168 

to 
336 kg (50-300 - range (6). Using ths assumption, the total and area 

re¬qured for safe applcaton of phosphorus would be 1.9 x 0 ha/0- A 
CSO/yr(17.8 x 10 ac/0 gal. CSO/yr).Converson of nitrogen forms to ntrates 

may result In contamnaton of the Thus, ntrogen must be consdered as a nutrent 

whch mustbe applied at a controlled 

rate. To calculate nitrogen loading rates forwastewater applicatons, the 

followng equation can be used (6): y .3 a(P-ET) ~ ————————————where: 
total nitrogen in applied waste C removal of N In crop (Ib/ac-yr) 

preciptaton concentration of N in precptaton (mg/1)a allowabe 

N In (mg/1) potental ration 
(ac-in./ac-yr)y total 

ntrogen 

concentraton n waste (mg/1) conversion factor 
N x 1.122 kg The following 

assumptons are made to determne ntrogen 
loadng rates for anarea n the Great Lakes 

regon: 1) average annua precptaton 
89 (35 2) evapotranspraton is 51 (20 3) 

allowable concentration n leachate is 0 mg/1; 
and 

) crop nitrogen remova rate Is 280 (250 

b/ac-yr).Usng these assumptions, the wastewater applicaton rate would be 
approx¬mately 83 kg N/ha-yr (73 Ib thus resultng In land area re¬quirement of 

1.9 x 10 ha/0 CSO/yr (17.8 x 0 gal. CSO/yr). Loadng - The maximum hydraulc 

loadng rate for the CSO must alsobe taken Into consderation. Ths rate wl be 

dependent on the applcatonmethod employed and the 

type of so characteristcs gven for the area.Frst, It wll be assumed that a 

loam type sol Is characteristc of a possi¬ble land disposal ste In the 
northern states. Ths soil type suggests the22 



use of the irration method of and applcation. Secondly, It Is assumedthat 

an alowabe quid oading rate for he selected applcaton methodand the 
predominant 

soil type would be 2.7 (5 Fnally,f the operationa period is 
assumed as 30 weeks year, the annua appca¬tion rate becomes 31 cm (50 in This 

results/In a land area requrementof 2.6 x 10 ha/10- a 2.7 x 0~ 0 gal. 
CSO/yr).Land Area RequrementsAfter a suitable and ste has been 

selected, 
the next 

consderaton 
for acty usng land dsposal of raw will be the amount of land 

requredfor 
actual application. For fied area requirements, summary of 

theapplcaion rates estimated to be acceptable and the resultng land 
requre¬ments are shown in Table 39 is perhaps surprisng to note that thelmiting 

factor Is the hydraulic loadng of the CSO. Hydrauics often Isthe imitng 
factor for applcaton of usually In cases wherethe applicaton rate is 

controled by surface and pro¬tecton. Hence, If the liqud loading is assumed 
to determne the requredand area, it can. be seen that the applcaton 

rates of the other pollutantsare one-thrd to two-thirds that which is 
considered 

to be an envronmentaysafe rate of application. Therefore, recommendation 
of the use of 2.9 x0~ ha/10 CSO/yr (27.1 x 0 gal. CSO/yr) and area 

requrementshoud Incorporate a safety factor arge enough to account for 
unpredctabeevents. The above land area requiremnt can also be expessed in terms 

ofa design application rate: 3.4 (3.6 x 10 This "frst cut" land estimate 

can increase signfcantly as more criteraare considered because additonal 
land may be requred for storage andpossbe faclties, necessary 

nonappcation buffer zones,runoff control structures, etc.For example, the 
incluson of a 22m (400 ft) buffer zone around the steincreases the required 

area significantly; f 61 (200 ft) is acceptabewth a line of trees and 
shrubs, the area requrement 

stll 
is signfcant.Other buffer areas may aso be required wthn the ste around 

roads,streams, buldings, and storage areas. Ths. of course, would further 
in¬crease the area required for the total operaton.Employng an appicaton 

rate of 34.4 x 0 (3.6 x gal./ac/yr)and f the nationwide annual 
volume of CSO totas 5.60 x (1.8 x0 gal feld area requrements for raw CSO 

dsposal would approxmate166,500 (1,110 acres) 

of land. However, ths Is land requred foractual dsposal only. Assuming 
that, on the average, the land required foractua dsposal Is 70 percent of 

a disposal ste, the nationwde disposalof raw CSO would requre a total land 
area of 237857 ha (587,300 acres).As discussed In the previous secton, 
the crops grown at the and appca¬ton ste can have a sgnfcant effect on 

treatment effcences and load¬ng rates, especially for the removl of nutrents 
from the CSO. Snce.23 
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removal o ntrogen Is a prmary objectve, a perennial forage grassappears 
to be the best selecton because It can remove nitrogen to 

owconcentrations 
(62). Reed canary grass has been shown to be effectve Inremoving 

nitrogen; however, other grasses may be just as good and mayrespond 
better under some 

circumstances.MonitoringContamnaton 

of s a public heath aspect that must be con¬sidered. The proposed 
regulations on Natonal Primary Drnkng WaterStandards (49) must be maintained 

for the groundwater. The and disposaof arge volumes of has the 
potentia to sgnficantly Increase thenirate and total dissolved solds of 

the groundwater. Therefore, theseparameters should be montored closely. 
Snce CSO represents large quant¬tes of surface it could contan hgh concentratons 

of heavy metasand pestcdes; concentratons in excess of what can be 
removed by the soil.Any leaching of these pollutants could pose serious 

health 
problem. Dueto the lack of information on the passage of the large 

concentratons ofpolutants expected In CSO through the so, extensve montorng 
programswould have to be establshed to guard aganst contamination of 

groundwaterand nearby surface waters that may be used as water supplies.Another 
public health consideraton for the land disposal sit is 

maintanngcrop qualty. When vegetation Is grown a a part of the land dsposalsytem, 
a detaled vegetation montorng program may be requred in whchthe 

uptake of certan elements must be analyzed. The anayss Is usuayrequired 
because 

of the potentaly toxc consttuents that may be presentin CSO In 
abnormally hgh concentrations.SummaryHence, It can be concuded that land applcaton 

of CSO to thesoil may be a vable 

treatment 

alternatve. However, land application hastwo ajor lmitations In allwng the 
process to become cost-effectve.First, regulatons requre the CSO to be 

dsnfected and In some casesstabilized before applicaton. Ths mght prove 
to be a very costly ex¬pendture. Secondly and most Importanty, the 

cost 
of the colecton-transport and/or equalizaton system may be the crucial 
factor In dsalowngland dsposal of CSO as an alternatve to other CSO 

treatment 
methods. Itmay be feasble to use land dsposal of the raw CSO In 

ctes 
which haveretvey sma CSO areas and have and avaabe In cose proxmity to 

thecity, but cities wth arge CSO areas, even f the land is availabe, 
mayfnd that the cost of the collecton-transport system mght be prohbitve.LAND 

APPLICATION OF CSO SLUDGESIf CSO treatment is employed by city, the 
residual sludges that are produced will require some method of treatment and 

disposal. One alternativethat 
can 

be considered is land disposal. I could be land disposal of theliquid 
sludge which can range from 0.7 to about 4.0 percent solids depending25 



o the treatment process emploed; or it could be land disposal of thesludge 
after it has undergone thickening and/or The disposaof qud sludge on 

and is popuar because It can meet two basic objectives:smplicty and 
costeffectiveness. 

The objectives of land dsposng a de-watered sludge are similar 
to those for a liquid sudge, athough in thelatter case solids-quid 

separation 
must be acheved pror to dsposa. Inboth cases, the sudge may be usefu 

as a sol] conditoner or as fertilzerfor crop growth.The sudges that are 
produced 

by CSO 

treatment 
can vary greatly from hesludges that are produced at conventonal 

muncpal treatmentpants. Therefore, any critera deveoped for and dsposa 

of municpal dry-weather sudge may not be applcable for land dsposa of CSO 
sudges.As with the land dsposal of the raw CSO, ths secton will attempt to 

pre¬sent the design consderations necessary for the land dsposal of 
sludges,ether 

liqud or and then relate these consderations to theunique 
characterstics 

of CSO produced sludges and to the problems that maybe caused 
by 

these characterstcs. TreatmentVariable characteristcs, presented earlier 
n Tables 4, and havebeen 

observed 

for various CSO 
sludges 

around the country (2). The veryhgh values of voatle solids and 

Indicate that directdisposal of raw sludges may present probems for publc 
heath (throughpossibe dsease transmisson) and development of odor 

problems. For thesereasons, t appears that CSO sludges must be stablied 
before land applca¬ton.The stabilizaton method most frequently used Is 

digeston. 
How¬ever, there are numerous other acceptable methods, such as 

dgeston,chemcal 

treament heat sabilizaton or hea drying, and composting, whichmay be 
used. A promsing method of stablzation for CSO sludges is lmetreatment. The 

use of ths method would allow for the stablizaton of theCSO sludges either at 
the site of he CSO treatment faclty or at the landdisposal ste. If of 

the CSO sludge Is employed In order toreduce transportaton and handlng 
costs, 

lme I can be accom¬plished prior to A procedure for the lime stabilzation 
of municpal sludges has been de¬veloped and operated successfully 

on a plot scale (35 Sgnfcant reduc¬tions In pathogenc bactera and obnoxious 
odors resulted from lme 

treatment. 
Growth studies indicated that disposal of lme stabilied sludge 

oncropland produced no detrimental effects.For high rate application either 
by entrenchment or sanitary landfill, ithas been reported that the sludges 

should frst be lmed and (63). The of the sludge at the time of should 
exceed 1.5 toreduce pathogen survval and 

potentia nusance condtions.126 



Because of the success of stabilization of muncpa sudges by lme treatment 
and the ablt to acheve the sabilzaton at the site of the treatment faclity 

insead of transporting the sludge to a central stabil¬zation facility and 

also, the abity to treat intermittent flows; imestabilization should 
be 

consdered as a feasible treatmentprocess for and application 
system,Transportaton of the SludgeThe sods 

characteristics of the sludge 

will be a primary factor Influencngthe type of transportation selected. If the 
sludge has a solds contentless than 8, it may be transported by pipelnes, 

tank trucks or tank wagons.When the sludge is to a solds content of 5 
or 

higher, t mustbe transported by either dump trucks or manure spreaders. 
Selecion of thedesired transportation mode will usually depend on production 

rate, distanceto applcaton site, and panned ifetme of the te.Many arge 
cties 

may optimze sudge handling and dsposa costs by 

pumpingther 
lquid sludges relatively long distances through pipelines. However,ppenes 

are probably uneconomcal for small communities due to economicof 
cae. 

n additon, convenience and I of sateite CSO treat¬ment stes, may make 
pumping very difficult to Implement. As has been pre¬vously dscussed, the 

combined 
sewer areas of mot cites are centrallylocated thus creatng two 

problems: 
) constructon n heaviy bult upareas; and 2) vast pumping dstances 

to 
avoid urban-suburban areas. Theseconsideratons aong wth other factors 

such as Intermittent peak quantitesof sludge to be handled and settlng 
of 

grit in pipeines woud probablymake transprtation of CSO sludges by pipelne 
impractcal and uneconomical.The land dsposal of lqud CSO sludge can 

become 
ver expensve If truckhaulng Is employed over long dstances. The cots 

will 

be etensvey de¬pendent on the haulng dstance (whch can be great from the 
CSO treatmentstes to the dsposal ste), the size of the truck, and the 

quantty ofsoids beng hauled. However, tank trucks provde considerabe 
flexibilitywth 

regard to ste seecton and hauing schedue and have the addtonaadvantage 
that lqud sudge can be appled drecty from the truck. Theseconsderatons 

seem to Indicate that tank truck transportaton of CSO sludgesmay be a 

vable approach.Thckenng and of the sludge could sgnficantly reduce 
theoperatng 

cost of transportng CSO sludges to a land dsposal ste. Forexample, a 
sludge voume requirng 

dsposal 

can be reduced If asludge of one percent sods s thickened and 
dewatered to 5 percent solids.Ths In turn, would signfcantly reduce the 

cty's 
annual sudge transpor¬tation costs.From the dscusson of the transportaton 

aspects of land dsposal of CSOsludges, it appears that truck transportaon 

of either quid or dewateredsludge s the most desrable alternatve In CSO areas 
wth 

signifcantvolumes 
of sludge to be handled. Truck transportaton of dewateredsludges 

mght prove to be the more desirable alternatve because it 27 



a sgnfcant reduction In operatona costs from truckng the lquidsludes. 
However, 

a detailed economc analysis shuld be reqred for eachindvdua cae to 
determne If these savings would cover the added costs of fac 1ties.Storage 

RequirementsSnce events are 
intermittent 

and thus sludge 

voumes will not be acontnuous fow, storage facilities will be requred 
to mantan constantapplicaton program. Storage will also be required if 

land 
disposal Is prohibited due to incement weather, frozen soil and snow cover 
as wel as thepossiblty of equipment breakdown. As was previousy discussed 

for landapplication of raw the average number of days for whichstorage 
woud normaly be requred In colder clmates about 100 days. Dewaterin the 

sludge would signfcanty reduce the volumes required forstorage even though 
the solid weights remain the same. For exampe, if to 15 solids Is used, 

the volume to be stored is reduced to /15of the orgna lqud voume. For 
a sludge, temporary storagepts have been used Into whch the sudge is dumped 

and from whch front-endloaders obtained the sludge for application. 
The pts can then be cosedas hey become Impassable and/or too far from the 

applcaton area (63).Liqud sludges are usualy stored In tanks or lagoons 
located 

at the dsposalsite. If liqud sludge Is stored, settlng of the sudge 

solds will occurIn the basin. Therefore, provisons should be made for 
thesesolids 

before the sludge applied to the land. The storage faclity couldalso 
become a source of odor problems and a breedng ground for mosquitoesand 

oher Insecs, therefore precautons wll have to be taken to preventthese 
probems frm occurrng. These precautons could be stablzatonwth lme before 

storage and a possbe Insect control program.A dewatered sludge storage area 
would not be as troublesome as a storagebasn for liquid sludge. However, 

the dewatered sludge could become asource of odor problems 
and 

then some remedial action would be requred. EffectsThe general clmate 
of the area wll have some effects on the operation ofthe dsposal site 

although the effects wll not be as pronounced as that forraw CSO.The 

main 
Imatologca concern 

wll be the restrctons that Incleentweather will impose on the applcaton 
operation. For the dsposal oflqud CSO sludges, rainfall perods wll prevent 

applcaton 

to 
the landand therefore, lagoons are usually designed for the ste so 

that 
they can beused for storage untl the weather permts appcaton. Durng 

winterweather, the applcaton of both liqud and dewatered sludge may be 
prhibited because of frozen ground. Any CSO sludges generated during thsperod 

must be stored until applcaton Is allowed. On the average, heoperation 
of facltes n the Great Lakes region will have to be shut downfor about 

3 1/2 months.128 



If the lquid sludge to be applied by a truck, all-weather roads thatwould 
alow for discharge to either sde of the road should be constructedat 

the site. This woud help to offset wet periods and compaction problems.For 
inclement weather operaton, flexbility could be establshed by use offxed 

piping or movable irrigation equipment (6 For a sludgedsposa operation, 
all-weather roads should be provided so that disposalcan be utilized durng 

perods of rainfall and wet grounds. Loadng Constraintsn 
appying 

sludges to the and, the 

control 
of loading rates will bebased manly on concerns for the mgraton of 

pollutants to the and the accumulation of heavy metals in the sol and 
vegetation. 

As wasillustrated using raw CSO, some of the pollutants that may 
lead to restrc¬tions on the loading rates of sludges to the land wl be 

investgated usingsimlar constrants as that presented earier. The folowng CSO 
vaues,based on average characteristics, have been assigned for use in ths 

section.Raw CSO Volume: 382 0 (365 x 0 Voume of Sludge as Percent of Volume 

Treated: 2.8early CSO Sludge Volume: 38.6 x 0 (10.2 
x o gal.)CSO Sludge Concentration: percent 

solidsYearly CSO Sludge Solds Volume: 386 metric tons 425 
tos)-ry weight basis* Characteristcs: 0,000 

BOD 00 SS 2.5 mg/gm SS 0 mg/gm SS 1000 400 mg/kgN1 200 mg/kgYearly CSO 
Sludge 

Volume after Thickening 

to Solids: 9.8 
x 0 (2.6x 106 

gal.) Yeary CSO 
Sudge Volume 

after to 15 
Solids: 2.6 
x 10 (0.7 x 

0 gal.)Toxic Elements - Restrictons have been placed on the practice 
of and dis¬posal 

In order to limt the maxmum loading of the metals on the land 
(16).Wisconsin has 

developed an approach whch takes nto account the combnedeffect of the metals 
by usng a measurement entitled the znc equvalent.Ths was presented and 

dscussed In the prevous secton. From this approachit is possbe for a standard 
to be developed which would mantain heavymetal concentrations below 

toxc leves.Snce calculation of the of the CSO sludge materal requres knowledgeof 
zinc nckel and copper concentrations t was assumed that the 

concentrations 
(mg/kg) wil be smiar to raw CSO. 

Using the Wsconsn approach.the acceptable total zinc equvalent loading 
would approximate 21 metric tons so] for sols having cation exchange of 5 

and 20 year desgned lfe. Thus, the area requirements11 etric tons throughout 
this section are expressed on dry weight basis129 



for safe control of toxic metas would be about x ha/metric (0.6 10~ 
In 

addition to the metal 

equvalents limtatons, cadmium addtons may be¬come serious mitng parameter 
because of its effects to bothhumans and plants. Cadmum oadings must be 
lmted to a maxmum of 2.2 kg (2 and the total ste lfetme maximum of 22 kg/ha 

(20 (65. To determine oading constrants, a cadmium vaue of 40 wasassumed. 
The calculation of loadng rates indicate that cadmum loadingslimt annual 

applicaton to 56 metrc tons/ha (25 and overal cad¬mum loadng to 560 
metrc tons/ha (250 tons/ac), assumng a 20 year stelife. Therefore, the area 

requirements necessary for safe applications ofcadmium would be about 1.8 
0~ ha/metrc ton/yr 0 10~ ac/ton/yr).It s apparent that from the 

differences 
in land area requrements the metalequivaents are the limtng loading 

constrants n the appcaton of toxicmaterias to the land.Ntrogen and Phosphorus 
Control - In determining the allowable loading ofnitrogen to the land, the 

obective shall be to 

match as cosey as possiblethe quantity of ntrogen removed from the sol by 
the harvestng of thecrop. The allowable loadng rate will thus be determined 
by the nutrentcontent of the sludge and the nutrient uptake capabilites 

of the partcularcrop under consideration The rate of applcation for 
sudges can becaculated using the same eqation as that used for the applicaton 

of rawCSO. Addtonal assumptons that had to be made Included: 1) crop 
nitrogenreoval rate for corn s 201 (80 and 2) the nitrogenconcentration 

In 
CSO sludges Is 12.5 or 125 Usng these assumptons, the sludge appcaton 

rate would be approximately255 kg (228 Ib thus resulting In a land area 
ream remn of x 0~ ha/metrc ton sludge/yr (11 x If is grown 

Instead of corn, the land area requirements could be reduced to 3.7 x10 
ha/metric (8.2 x 10 ac/on sludge/yr).Besdes ntrogen, phosphorus has aso been a 

nutrient of concern. Currentrestrctons limit phosphorus annual loadng rates 
wthn the 68 to 36 kg (150-300 Ib range. On ths bass, the total land area 

re¬quired for safe applcation of phosphorus should not exceed 0 

x 0 hametric ton sludge/yr (8.9 x 10 for CO concentrations of 10 
SS.rganic Applcaton Rates - Although the rate of organc carbon oxdaton 

Insoils 
is known to be hgh, limitations for waste addtons are not 

adequatelyestablished. 
A few regulations have been proposed to limt BOD applcatonrates 

to around 672.6 (600 However, Jewel (66) re¬cently reported that a sol 
system could degrade at a rate 

exceedingWO 
kg/ha-day If ths latter lmitaton is used. thesafe applicaton areas 

for CSO would be 2.3 x 10~ ha/metric tonsludge/yr (5.2 10~ ac/ton 
sludge/yr)Hydrauc Loadng - Snce the permeablity of uch of the area in the northernstates 

exceeds cm per (2 t can be inferred that the 130 



mission of water from the sludge would be a minma problem. However, 
theappcation of the more dilute sudges (.e. I soids) may be restrictedto several 

application periods per year to prevent urface fooding andLand Area 

Requirements 

- The actual land area required for the disposa ofthe sludges either 
lquid or wil be dependent on the allowa¬ble appication rates which, in turn, 

wil be dependent on the soil type, thenutrient and heavy metals content of 

the particular sludge, and the nutrientuptake characteristics of any vegetation 
crops on the site.For field area requrements, a summary 

of the applicaton rates estimated tobe acceptable and the resulting land 
requirements are shown in Table Simiar to ra CSO, the mting poutant oadin 

factor Is the ntrogencontent of the sudges. Ntrogen Is most often the 
limiting factor forapplcation of muncpal sudges. If nitrogen mitations 

determne the re¬quired land area, it can be seen that the applicaton rates 
of 

the otherpollutant are one-thrd to two-thrds that which is assumed to 
be an en¬vironmentaly safe rate of appicaton. Recommendation of the ue of 

a5.3 10~ ha/metrc tn 0.8 10 sludge/yr) land arearequirement should 
provide safety factor large enough to account for anyunpredictable events. 
This application is equivalent to adding a CSO sludge(4 solids) once at 

a depth of 4.8 cm (1.9 in or an application rateequal to 19.0 metric (8.5 
These land requrements are for the actua applcation only and, as shown 
Inthe dscussion of land dsposa of the raw CSO, 

additional land may be re¬quired for roads, buffer zones, possble storage and 
facilites,etc. In studes of land application of municipal plant effluents,it 

has been found that ony 70 percent of the tota ste area is availabefor 
actua applcaton (67).Empoying the above application rate of 9.0 metrc tons/ha/yr 

(8.5 and if the generation of CSO solids totals .57 x10 metrc tons 
(1.73 x 10 tons), field area 

requirements for CSO sludges,either qud or would approxmate 82 x 0 ha (203x03 
acres) ofland. Assuming tha, on the average, the land required for 

actual disposalIs 70 percent of the entre dsposal site, the natonwide dsposal 
of CSOudges would requre a total and area of 18x0 ha (20xo acres).Applcaton 
TechnquesThe application echnque that Is employed at a specfc land dsposal 

stewll be dependent to large extent on the characterstcs of the 
site,physcal propertes and quantity of sludge, and the objectves of the 

landdsposal program. 
The 

techniques presented here are those that have beenreported In the lterature 
for muncpal treatment pant sludges.Systems are avalable for surface 

and subsurface applicaton of liqidsludges. Surface applicaton of liquid 
sludge Is generally accomplshed byrdge and furrow Irrgaton or by tank truck 

land spreadg The most common31 



technique is direct application to the land by spraying from tank wagon.Most 
communities employing this technque use city-owned tank trucks 

wthcapacties 
rangng from 3.8 to 3.9 (1,000 to 5,000 gal.) and equippedwith various 

spreadng devces operated b gravity or pumping (6 Thetank truck has 

the advantage that it can aso be used for sludge transport.Liquid manure 
spreaders, puled by farm tractors, have been found be veryeffective and 

accurate 
In the applcation of the sludge to the soil. Itmay be desirable to 

incorporate the sludge into the so as soon as possiblefollowng applcaton n 

order to prevent possble odor and problems. 40. SUMMARY OF RECOMMENDED DRY 

SLUDGE SOLIDSAPPLICATION RATES FOR VARIOUS SLUDGE 
POLLUTANTS ANDTHE RELATED LAND AREA 



Another disposal technique has been used at non-agricultural and 
sites.Disposal 

by smal treatment pants may Incorporate digging of shalowtrenches, 
fillng them with iquid sludge and covering the sludge with soilto 

prevent 
nuisance condition (69). The lterature shows that, with theuse of 

rdge and furrow rrigation, trench dsposal, and floodng techniqueson non-agrcultural 
land It Is possible to use greatly increased loadingrates. However, 

and other pubic health consderation may pacesignificant constraints on 
these loading rates.When sudge is applied to 

the 

land, the usual method of applica¬ton is to spread the sludge on the land 
and then disc it into the soilusing earth movng equpment and farm 

machner. The one disadvantage ofthis method is that It may be diffcut to 
break up the sludge cake in sucha manner that it can be easly spread.Entrenchment 

Is another appication method that 

has been employed. En¬trenchment has been found to be a feasibe method 
for simultaneously ds¬posng of sewage sludges and mprovng marginal 

agricultural land, partcu¬larl for dewatered (20 solids) raw, me treated sludge 
(63).In devising an applcaton system for land dsposa of 

sludges, 

mnimi¬ng costs and maxmzng the applicaton season should be the major 
con¬siderations. The prceeding discussion shows that there is a very wderange 

of application echnques that have been used wth varying applicationsystems. 
It appears that many consideratons may dictate the possible application 

technique at the site, however, he most economical applicationtechnque 
should be selected.Growth Of Crops On The SteFor the dsposal of CSO 

sludges on agricultural land, 

the 
growth of crops 

orvegetaton 

on the disposal ste can be very Important aspect of the steoperaton. 
The basc reason for cultvatng crops or vegetatve cover sto achieve nitrogen 

uptake so that the ntrogen Is removed from the soland ultmately removed 
from the ste when the crops or vegetation are harvested (6It is generally 

agreed that alfalfa s a most deirable crop, particularlyif suffcent 
ntrogen Is 

avaiable 

the sludge to elmnate nodule forma¬tion on the root structure (6 
This 

ensures that the maxmum uptake ofnitrogen occurs and that the movement of 

nitrates into ether ground or sur¬face water wll be minmzed. By cuttng 
alfalfa three or fur times duringthe growng seasons increased quanttes of 

nutrents may be removed. Inaddtion, each cuttng alows for addtonal sludge 
appcaton. Ths wouldbe advantageous for the more dlute sludges requrng several 

applcatonperods.Corn Is perhaps the next best and most wdely used cover 
crop, havng theadvantages of high ntrogen uptake and good It has 

lmitedflexbility 

for sludge applcaton during the growing season unless theridge and furrow 
method of iqud sludge applcaton can be used.133 



The other general purpose group of crops is the forage grasses. The 
greatestadvantage 

of these crops, in additon to ntrogen uptake, is their accessi¬blity 
in incement weather, during eary spring planting in late fall be¬fore 

the sol cools down and durng the actve growng season when othercrops restrict 
tank truck operation (6).Montoring 

ProgramThe 
application 

of sludge to land disposal sites must be managed to minimzethe rsks of 
nitrogen and pathogen contamination of surface and to mnimze the rsks of sol 

degradaton by metal overloading and of toxcmetal uptake by crops; to minimze 
the rsks of pathogen transmission by In¬sects and anmals; and to minimize 

offensve odors. Thus, the monitoringprogram employed at the dsposal site 
wll be extremely Important. A compre¬hensive montoring program, as that 
suggested 

earlier, wl be essential toensure that proper renovation of the s 
proceeding without degradatonof environmental qualty.Applcaton rates should 
be 

subject to good record 

keeping and montorng be¬cause overloadng of a partcular sol can be a major 
reason for failure ofa land ste. Caution should be used n dealing with acid 

sols because ofthe possbe release of heavy metals. Here the general rule 
Is 

to maintaina above 6.5 to control heavy metal solublty SummaryIn dscussing 
the ogistcs of treatment and disposal of CSO 

sludges, 

it 
Isapparent hat land applcaton In general may be extremely feasble, 

bothpractically and economicaly. Therefore, the muncipalty or santary district 
should regard and applcaton as a viable alternatve. However. Itsmplementaton 

shoud be based upon this alternatve beng the least-costacceptable means 

of sludge handling and disposa.Three management options are available: 
1) 

and spreading dlute sludge sods); 2) land 

spreadng 
a thckeed sludge sids); and 3) landspreading a sludge (>2 solids). 

It shoud be noted that landarea requirements are the same fr al three 
options 

however, the solidshandlng and dsposal costs will differ greatly. The 
high costs associatedwith transporting, storage and intermittent 

application 
of dilute sludgeswill probably cause opton one to be least cost-effective. 

In most cases,optons two and three wll be economcally feasble. The 
dfference willdepend on ranporting and storng costs versus additonal 

costs.Land applcaton of CSO sludges has one major lmtation whch must be 
con¬sdered when evaluating the cost-effectveness of this alternative to thatof 

another management technique. Before sudge can be disposed It mustfrst be 
treated (stabilied) to reduce adverse impact on receving land.From some 

stablzaton processes, can be a very costly expendture.The most promsng 
and possbly the most cost-effective method of stabiliza¬tion of CSO sludges 

may be lme treatment. 



SECTON 

VIIIECONOMC 
IMPACT OF HANDLNG TREATMENT 

RESIDUALSINTRODUCTIONThe 

economic 
impact of handling CSO resduals is difficult to estmate on agenerazed 

bass. This section presents basc economc data to approxmatethe costs 
associated 

with handling generated volumes of CSO sludges usingvarious CSO 
treatment systems. It Is emphasized at ths pont that the costspresented heren 

are gudelines and are included only as first approximationof the actual costs 
involved. f a detailed economic evaluation i necessaryor desred, the indivdua 

ste must be evauated separatey wth respect tolocale, ranfall patterns, 
type and location of treatment system, etc. Thenthe equipment costs should 

be 
establshed by estmates of manufacturers, notby generazed cost curve. However, 

the Informaton presented wl alowan approxmaton of the ranges of costs 

or handling CSO treatment residualsthroughout the country and valuable when 
properly applied.BASES OF COST ESTIMATESIn provding cost 

estmates, 
it was desrable 

to utze smlar bases forall of the treatment trains evauated. Ths was done, 
as much as possble, byutilzng publshed cost curves or other data and then 

adjustng them toreflect June, 1976 prces. Whenever a smlar unt process was 
appled Indfferent schemes, the same cost estmatng structure was used.hen 
satellte treatment systems ere evaluated, the same four 

systems 

ereconsdered for each ste. These Included the followng;. Lme Stabzation 
Storage Gravty Thckenng Vacuum Fltra¬ton Landfll2. 

Lme Stablzaton Storage Gravity Thckening Vacuum Filtra¬ton Land Applcaton3. 
Lme Stablzaton 

Storage Gravty Thickenng Land Applcaton. Lme Stablizaton Storage 

Land ApplcatonAn average 

of the annual CSO sludge volume as used to establsh system desgn flow rates 
and the followng assumptions were made to size 

equipment:. 
Storage - store 48 hours of CSO sludge.2. Lme Stablzaton treat wthn 

2 hours.3. Gravty Thckenng reat wthn 48 hours.4. Vacuum Ftraton - treat 

wthn 48 hours.35 



It was assumed for all cities, that haf of the rainfall results In combinedsewer 
overflow and of ths volume, a fxed percentage is sludge, depend¬ing upon 

the CSO treatment system used. Also It was assumed that addtionof lme 
for stabilizaton increased the solids to be handled by 15. (35).Figures 13 

- 17 were used to estmate capta costs for pumpng, gravtythckenng, lime 
stablization, vacuum fltraton and landfll (43). Storagetank costs were estated 

using unit costs per voume as sted below (69)Tanks: Glons936 (250,000)872 

(500,000)3744 

(1.000.000)7488 

(2,000.000)14976 
(4.000.000)22464 
(6000,000)$ 

Installed98,000150.000230,000355.000560,000760.000Operaton and 

mantenance 

costs 

were 
estmated from several sources. Figures8 - 23 ncluded manpower and utiltes 

costs for pumpng, gravty thckenngand vacuum fltraton. These costs were 
adjusted 

to dollars usng a dalyrate of $32 per manday and utlites cost of 
$0001/hr. 

Lme stabil¬zaton operatng and maintenance costs were estmated based 
on publshed dataregarding lme stablzaton (35Sludge from physcal treatment 

$9-0/etrlc ton ($8-9/ton)Sludges 

from physcal/chemcal treatment $l4"l9/etrlc ton ($13"17/ton) 
from bologcal treatment $l37/eic ton ($l2-5/ton)Landfll operation and 

mantenance costs were based on thoe presented InFgure 24 and then 

adjusted 
to June, 1976 values (70).Transportaton costs utlied depended upon 

the type of sludge, percentsolds, and distance to 

landfll 
or land appication ste. The solids con¬centratons utilzed were: Lme 

Stablied only - 1Gravty Thckened 5Vacuum Filtered - 20Distances used 
were dependent upon the sze of the CSO are In the 

cty.The approxmate dstances 
were estimated from 

the folowng:CSO Area istance0-202a (0500 acres) 32.2km (20m)203-2307a 

(501-5700 acres) 322km (20ml)2308-101l8a (5701-25000 acres) 

64.4km 
(40mi)10l9-24282ha 

(25001-60000 acres) 64.4km 
(40m)Once these assumptons wre establshed, 

then annual transportation costs wereestmated 
usng Fgures 25 and 26. Land applicaton cost 

estmates consistedf several Indvdual components ncluding storage requirements, 
dstrbutioncosts, land requrements and costs and land preparation costs. It 

was as¬sumed that lqud sudge would be appled periodically throughout the 
growng36 


























